A questionnaire survey was conducted in order to assess residents' perceptions of water quality for drinking and recreational purposes in a mid-sized city in northcentral West Virginia. Two logistic regression analyses were conducted in order to investigate the factors that influence bottle use and filter use. Results show that 37% of respondents primarily use bottled water and that 58% use a household filter when drinking from the tap. Respondents with lower levels of environmental concern, education levels, and lower organoleptic perceptions were most likely to perceive health risks from tap water consumption, and were most likely to use bottled water. Income, age, and organoleptic perceptions were predictors of water filter use among respondents. Clean water for recreational purposes was not found to be significant with either of these models. Our results demonstrate that bottle use and filter use are explained differently. We argue that more education and better communication about local tap water quality would decrease the use of bottled water. We demonstrate that household filters could be used as an alternative to bottled water.
INTRODUCTION
Water is one of the most elementary resources on earth, and its access is crucial for life. In a context of population increase and global climate change, water management and water quality are becoming more and more critical (World Bank ). In parallel, bottled water consumption globally has increased significantly over the past two dec- Raj () found that the tap water was safer because of the presence of anti-bacteriological agents not found in the bottled water. More recent literature also indicates that tap water is more strictly controlled than bottled water in the USA (Hu et al. ; Zivin et al. ) . In this regard, Raj explained that tap water is regulated by the US Environmental Protection Agency while bottled water is controlled by the US Food and Drug Administration. However, many studies have found that bottled water is perceived by the general public as having better quality, fewer health risks, and better taste than tap water (Anadu The 2014 Elk River spill, in West Virginia, represents an example where the population was placed in a position of risk from tap water consumption (Whelton et al. ) .
In addition, Zivin et al. () stated that alternatives to tap water consumption increased when water-related incidents occurred in the USA, having direct consequences products. In fact, the literature points to the fact that water quality perceptions are affected by organoleptic perceptions (i.e., taste, odor, and color) and health risk perceptions (Doria ) . These two latter factors are related, as the literature shows that health risk perceptions are significantly associated with organoleptic perceptions (Turgeon et al. ; Doria ; Hu et al. ; Proulx et al. ) . In addition, Hu et al. () found that perceptions regarding both surface water quality (i.e., streams, rivers, and lakes) and groundwater water quality in the immediate geographic area of respondents' homes significantly impacted the perceptions of the tap water quality.
Socio-economic factors were found to be significant in multiple studies when related to the use of bottled water (Doria . Therefore, concern about the environment seems to be relevant in defining bottled water use in the USA.
STUDY PURPOSE
Although bottled water use has been widely studied, the frameworks utilized by researchers vary considerably, with focuses ranging from health to economics (Doria ) . In contrast, filter use has received less attention in the literature. we explore how clean water and its link to recreation, environmental concern, and satisfaction with living in the area predict the uses of bottled water and filters. As recreation is important in West Virginia it seemed reasonable to test the presence or absence of a relationship between recreation and tap water quality (West Virginia Division of Tourism ).
Tested in various studies, environmental concern seemed to be of interest in studying tap water quality, especially regarding the context of West Virginia and its recent chemical spill More precisely, we defined the following hypotheses: H1: Higher perceived health risks, lower perceived water quality, lower organoleptic perceptions of the tap water, and lower satisfaction with living in the area were hypothesized to increase the likelihood of bottle and filter use. H2: Respondents who indicated higher importance for clean water for recreation and who perceived local streams, rivers, and lakes as having a poor water quality were hypothesized to be more likely to use bottled water and filters.
H3: A higher level of environmental concern was hypothesized to decrease the use of bottled water and to increase the use of filters.
H4: Based on several studies, we hypothesized that women, younger generations, higher incomes, and lower education were more likely to use bottles and filters.
METHODS

Study area
The city of Morgantown (WV) and its suburban area was chosen in order to conduct the survey. This area represents about 90,000 residents (total population). Morgantown Utility Board is responsible for pumping the water from the Monongahela River, treating and distributing the tap water in the surveyed area. In that respect, Morgantown can be considered to have medium density housing.
Data collection
A questionnaire survey was designed at West Virginia University, under the Appalachian Freshwater Initiative, funded by the National Science Foundation. A sample of 5,492 residents of Morgantown (WV) and suburban areas were randomly drawn by the third-party contractor who provided the database. These residents were asked to take part in an online survey regarding their home tap water quality.
The data were collected between November 2015 and January 2016. The targeted residents received a first invitation by e-mail followed by four reminders: 3 days, 13 days, 30 days, and 45 days after the first invitation. Using a separate database available from West Virginia University, 184 residents were randomly prompted to participate in a mail-back survey (Dillman et al. ) . These residents received a postcard announcing the survey, followed by two mail-back surveys, with 1 week separating each (Dillman et al. ) .
The mail-back letter included a cover letter, the survey instrument, and a self-addressed stamped envelope. Combining these two methods, 557 respondents answered the online survey while 46 respondents answered the mailback survey. A total of 603 residents completed the survey, reaching a response rate of 11.3% (after deleting false addresses). The targeted adult population was 77,500 residents (adult population). The sample size reached the necessary 385 responses needed for analyses (Dillman et al. ) .
Survey design
The questionnaire asked residents about the perceived water quality of their home tap water, the associated perceived health risks generated by tap water consumption, the organoleptic perceptions with it, items related to their environmental concern (Syme & Williams ; Dutcher The Cronbach's α was employed to measure the reliability of the scales, with any value above 0.70 indicating appropriate consistency of the scales (Vaske ).
The following items were used to produce these scales: • Environmental concern scale (Dutcher 'Satisfaction from knowing that there is clean water is…,'
'Satisfaction from knowing that others can enjoy clean water for recreation is…' (Cronbach's α ¼ 0.828).
Respondents were asked to rate the surface water quality in local streams, lakes, and rivers (based on Hu et al.
) with a five-point. Likert scale: (1) very poor, (2) poor,
(3) fair, (4) good, and (5) excellent. Respondents were also asked whether they primarily purchase bottled water for their drinking purposes by the use of a yes/no question (based on Hu et al. ). Using a similar dichotomous choice, respondents were asked to indicate whether they were using a filter when drinking water from the tap. The survey instruments also included items designated to gather demographic data.
Data processing and analysis
The data were analyzed using Statistical Package for the Social Sciences version 24. In order to understand what factors predict the use of bottled water and the use of water filters, two logistic regression models were used.
Demographics were included in the models: income, age, gender, and level of education were expected to influence the use of bottles or filters according to previous literature.
The scales defined in the previous section were created based on Vaske () using the mean of the other items in the scale in order to reduce missing data and create more accurate scales. Perception of the surface water quality and income were missing data (n ¼ 34 and n ¼ 76, respectively). We replaced the missing data with the mean of the variables (Vaske ) . This technique has the disadvantage of diminishing estimations of R 2 but seems a reasonable approach for these two variables (Vaske ) . The different variables used for the two logistic regressions were as follows: the perceived health risks scale, perceived water quality scale, organoleptic scale, environmental concern scale, area satisfaction scale, perception of surface water quality, clean water for recreation, as well as gender, age, income, and education. Since previous studies indicate strong significant prediction of perceived water quality from perceived health risks and organoleptic perceptions (Doria et al. ) , the assumption of multicollinearity was checked and was not found to be of concern. However, even though multicollinearity was not high among these variables (variance inflation factor below 3), initial testing of the logistic regression model that included the perceived water quality scale resulted in a poor fitting model and suppression effects on other variables. This scale was removed for these analyses.
Limitations
Non-response bias was checked by comparing responses from individuals who answered the survey after the first survey invitation with responses from those who answered the survey after the last reminder (Israel ) . No significant differences were found either in individual items or within the demographics. In addition, a comparison of the data from this study and the US Census Bureau () demographics data was made, showing the respondents in this study were somewhat different from the local population.
More women (56%) answered the survey than the actual population (48%), and income was higher within this database than seen in the general population. Although the survey was designed using Dillman et al. () to increase the response rate, biases present in the sample are the result of a low response rate that typically affects web surveys (Sax et al. ). By using two different data collection methods, we searched for biases and found that mail-back respondents (n ¼ 46) were older, reported higher income levels, were more educated, and had generally higher perceptions of water quality than the respondents from the web survey. However, when controlling for this group during the analyses, the results were similar and indicated the same pattern.
The consequence of these biases is not considered to be of large magnitude for two reasons: (1) we are interested in understanding the relationship between variables, which is less affected by non-response bias than univariate variables analyses (Blair & Zinkhan ); and (2) with 45 days between the first respondents and the last respondents, the method used to test non-response bias is said to be reliable Table 1 summarizes the main demographics of the respondents. A total of 37% of the respondents indicated that they primarily used bottled water for their drinking purposes. Over half of the respondents (58%) affirmed they used a filter when drinking from the tap. Almost half of the respondents (46%) affirmed that they agreed or strongly agreed with being happy with the taste, color, and odor of their tap water. A majority of respondents (60%) disagreed or strongly disagreed with statements related to risk perceptions associated with drinking water from the tap (mean ¼ 2.64), indicating that most respondents thought there were not many health risks involved with drinking from the tap.
RESULTS
Descriptive summary of the sample
Respondents felt rather neutral about the environment (mean ¼ 3.44), with 21% agreeing or strongly agreeing with the proposed statements (high environmental concern) and 9% disagreeing or strongly disagreeing with the statements (low environmental concern). A majority of respondents (60%) agreed or strongly agreed with items related to their satisfaction with living in the area. Regarding the perceived surface water quality, respondents felt rather neutral (mean ¼ 3.21) with 43% evaluating the water quality of lakes, rivers, and streams as fair. Most respondents felt strongly about the importance of clean water for recreation (mean ¼ 4.70), with 57% of respondents indicating that the statements were very important to them.
Logistic regression model 1: predicting bottled water use
Logistic regression was conducted to assess whether the demographic variables and the water quality perceptions significantly predicted the use of bottled water for drinking purposes. The assumptions of independence of observations and the linearity of independent variables with the log of the dependent variable were met. When considered together, the ten variables predict whether a respondent uses bottled water (χ 2 ¼ 123.55, df ¼ 10, p < 0.001). Table 2 presents the odds ratios that suggest that the odds of drinking bottled water significantly decrease as education, organoleptic perceptions, and environmental concern scores increase.
Specifically, the odds of drinking bottled water deteriorate by 0.78 per unit increase of education, by 0.46 per unit increase of organoleptic perceptions, and by 0.76 per unit increase of environmental concern. In contrast, as the score of perceived health risks increases by one unit, the odds of drinking bottled water significantly increase by 1.36. Interestingly, gender, age, income, area satisfaction, perceived surface water quality, and clean water for recreation did not prove significant in modifying the odds of drinking bottled water. The Nagelkerke pseudo R 2 indicates a moderate strength of the model in predicting the use of bottled water by respondents (see Table 2 ). The Hosmer and Lemeshow test of good fit is non-significant, indicating a good model fit (χ 2 ¼ 5.89, df ¼ 8, p ¼ 0.659).
Logistic regression model 2: predicting filter use
A second logistic regression was conducted to assess whether the demographic variables and the water quality perceptions predicted the use of a filter when drinking tap water. The assumptions of independence of observations and the linearity of independent variables with the log of the dependent variable were met. When considered together, the ten variables adequately predict whether a respondent uses a filter (χ 2 ¼ 63.56, df ¼ 10, p < 0.001). Table 3 presents the odds ratios that suggest that the odds of using a filter significantly decrease as age and organoleptic perceptions scores increase. Specifically, the odds of using a filter deteriorate by 0.99 per year gained and by 0.55 per unit increase of organoleptic perceptions. In contrast, as the score of income increases by one unit, the odds of using a filter significantly increase by 1.38.
Gender, education, perceived health risks, environmental concern, area satisfaction, and clean water for recreation did not prove significant in modifying the odds of using a filter when drinking tap water. The Nagelkerke pseudo R 2 specifies a modest strength of the model in predicting the use of filter by respondents (see Table 3 ). 
DISCUSSION
Our first logistic regression model shows that education and health risk perceptions are predictors of bottled water use. The literature is rather divided regarding these results. On As hypothesized in (H3), we demonstrated that environmental concern has a significant impact in the use of Our second model was expected to be similar to the bottled water model. For instance, organoleptic perceptions Our results are important because they showcase the dissimilarities between bottled water use and filter use. For instance, these results prove that organoleptic perceptions are their common predictor but that risk perceptions, environmental concern, and education only affect bottle use. Income and age affect solely filter use. Our findings suggest that a substitution of bottle use by filter use is possible in the case of organoleptic perceptions but that communication and education efforts are needed to diminish bottle use. It is important to deliver messages that effectively communicate the factual quality differences between drinking tap water and bottled water. In addition, these results suggest that filter use can be an alternative to bottle use. A reduction in filter prices could enhance the shift toward filter use instead of bottled use. It could also be part of a campaign to advocate for the use of filters to increase the organoleptic qualities of the tap water.
Additionally, our results indicate that the importance of clean water for recreational activities does not predict bottle or filter uses, nor does perceptions of the water quality of streams, rivers, or lakes in the local area. These are interesting results in terms of perceptions and how they affect the psychology of drinking water since the tap water from this municipality comes from a local river. Our results show that communication efforts regarding tap water quality might not need to include surface water quality to affect drinking behaviors. This may also indicate that most residents do not know where their water is coming from. This highlights the need to better inform Morgantown residents on the origin of their water. In the USA, a 2001 national survey indicated that 86% of the respondents expressed some concern regarding their tap water quality, suggesting the need for more information to be given to the general public (Means ) . Van der Linden () found that specific normative-induced messages would have the greatest reduction in bottled water use. Means () called for better marketing strategies from municipal water suppliers in order to reassure the general public. In addition, Queiroz mation. Nonetheless, our results must be interpreted with caution as the survey was conducted in an area that did not suffer from a large-scale chemical spill, as was seen in Charleston (WV). This indicates that further studies with larger geographic areas may find regional differences with the perceived water quality of rivers, streams, or lakes and its importance for recreation and whether they affect bottle and filter consumptions.
CONCLUSION AND IMPLICATIONS
In conclusion, our study aimed at understanding the differences between bottle use and filter use as well as the roles of perceptions of surface water quality and clean water for recreation to predict these uses. found that taste is especially responsible for bottled water use, which was verified in our study. Examined in parallel with the second model, it is possible to say that filters could be an alternative for the use of bottled water. If better information and education programs are presented to the general public about tap water quality, and efforts to promote filter use as an alternative to low organoleptic perceptions, the consumption of bottled water could decrease, reducing its environmental impacts (Saylor et al. ) . Interestingly, perceptions of clean water for recreation and surface water quality were not found to be valid predictors for either of the two dependent variables, invalidating our hypothesis (H2). Our study as well demonstrated that income is a strong predictor of filter use:
perhaps lower costs of filters could lead to a higher demand for them. Further economic studies could estimate the willingness to pay for filter use.
Two main implications of our results are that: (1) public institutions and leaders should work together to communicate effectively about the safety of tap water quality, about the environmental costs of bottled water, and to promote the use of filters as a substitute for bottled water; and (2) the use of clean water for recreation to bolster communication strategies in drinking water might not be effective, as there is no link between clean water for recreation or perceptions of surface water quality and water drinking behavior.
